I
n this issue of the American Journal of Neuroradiology, Riccitelli et al 1 report that findings in patients with multiple sclerosis (MS) and fatigue may correlate with atrophy of the primary sensorimotor area. This article helps us understand the clinical-pathologic correlation in patients with MS and fatigue.
MS is a chronic inflammatory demyelinating disease of the central nervous system with an unpredictable course and an unknown pathogenesis. It is considered one of the most common neurologic disorders affecting young adults. The clinical manifestations of MS are diverse. Fatigue is one of the most common and disabling symptoms among patients with MS, interfering with and considerably limiting daily social life and work. 2 The perception of fatigue is subjective and difficult to define; therefore, no exact definition has been made until now. To date, neither biologic nor neuroimaging markers have been found for fatigue. Fatigue in patients with MS is different from fatigue in a healthy population, and its pathophysiology and etiology are poorly understood. Both peripheral and central mechanisms may exist.
3 "Peripheral fatigue" could be an appropriate term for muscle fatigability due to disorders of muscle and the neuromuscular junctions. Objective reduction in motor power in muscle fatigability can be measured. However, the subjective sense of fatigue is essentially perceived at the level of the central nervous system-that is, it is a central fatigue. 4 Central fatigue, however, is not simply a sense of physical exhaustion; it also has an important cognitive component (mental fatigue). Cognitive impairment in central fatigue is common in patients with MS.
Many researchers have found that the cerebral volume in patients with MS shows significant decrease in many areas, such as deep gray matter, whole brain volume, and so forth. However, until now, few have tried to explain the structural changes in patients with MS and fatigue. In their article, Riccitelli et al 1 provide useful information regarding a possible approach to assessing patients with MS and fatigue in neuroimaging. They used a whole-brain voxelwise analysis to assess the patterns of regional distribution of lesions and found atrophy of the left central sulcus and precentral gyrus in patients with fatigue. Thus, the primary sensorimotor area might be an important component of the central neural system that regulates sensations of fatigue in patients with MS.
Although the number of overall patients reported here is relatively small, it does give us a glimpse into what neuroimaging techniques are being tried for this disease. Riccitelli et al 1 presented an interesting prospective case series of the application of voxel-based morphometry (VBM) for patients with MS and fatigue. As we know, VBM is an analysis method of brain structure. Studies with VBM have been performed by many researchers on a number of different populations, including patients with schizophrenia, autism, dyslexia, attention deficit disorder, Alzheimer disease, and so forth.
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Many structures and functions of the brain are asymmetric. For example, Albanese et al 10 have demonstrated a leftward structural asymmetry for the anterior language regions (lateralization of language function). This study by Riccitelli et al 1 showed that findings in patients with MS and fatigue may correlate with atrophy of the left central sulcus and precentral gyrus; this correlation suggests that lateralization may exist in these patients. It will be a very important discovery by these authors if it is true.
However, the study of Riccitelli et al 1 has several limitations. First, the authors made a number of restrictions for selecting patients. In fact, in daily medical work, patients with MS and fatigue who have complex findings will require more in-depth study. Second, the Fatigue Severity Scale is a subjective questionnaire that failed to regard fatigue as a multidimensional state with cognitive, physical, and psychological components. With self-assessment questionnaires, certainty about a true change is difficult, especially when symptom severity fluctuates greatly (regression to mean effect). Questionnaire-based surveys can also introduce bias into a study population because of the participants' knowledge that they are being studied (the Hawthorne effect). 4 Furthermore, more recently, tensor-based morphometry (TBM) has been shown to provide methodologic improvements over VBM. Jacobian determinant (JD) is one of the major TBM metrics that can directly measure tissue growth and atrophy. 11 The main advantage of TBM over VBM is that the former can be applied directly on the JDs of deformation fields without the need for tissue segmentation.
12.
Riccitelli et al 1 do make a useful contribution to the literature in reporting their unique clinical experience with this disease, even though I do not think the small patient cohort reported here is sufficient to support the contention that findings in patients with MS and fatigue correlate with the atrophy of the primary sensorimotor area. This research is very useful to members of the neuroimaging community encountering patients who have this disease.
In the future, the study of MS will be deeper and wider, with new advanced methodologies. The combination of multimodality neuroimaging in 1 study will encourage using this combination in the study of other diseases, as inspired by this article.
